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DETAILED ACTION 
Continued Examination Under 37 CFR 1.114 
A request for continued examination under 37 CFR 1.1 14, including the fee set forth in 
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.114. Applicant's submission filed on 17 June 2004 has been entered. 

Claims 1-2, 4, and 6-7 have been currently amended; claims 3 and 15-20 remain as 
previously canceled; claims 5 and 13-14 remain as originally filed; and claims 8-12 remain as 
previously presented. Therefore, only claims 1-2 and 4-14 remain under consideration. 

Specification 

The previous objections to the abstract of the disclosure have been overcome by the 
currently amended abstract, in accordance with suggestions previously made by the examiner. 

While further amendments to the specification have again overcome the previously 
exemplified objections thereto as well as several more not previously exemplified, examples of 
those still remaining and/or introduced by current amendments to the specification are set forth 
below. 

35 U.S.C. 112, first paragraph, requires the specification to be written in "full, clear, 
concise, and exact terms." The specification is still replete with terms, which are not clear, 
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concise and exact. The specification should again be revised carefully in order to comply with 
35 U.S.C. 1 12, first paragraph. Examples of some remaining unclear, inexact or verbose terms 
used in the specification are: (1) in line 2 of the amendment to the paragraph beginning at page 1 
line 17 of the original specification (found at the top of page 2 in the amendment filed 17 June 
2004), "self-align dual damascene process" should have been -self-aligned dual damascene 
process--, to be grammatically correct (this same objection also applies to at least lines 1 and 3 of 
the amendment to the paragraph beginning at page 1 line 20 of the original specification and in 
line 6 of this amended paragraph, "portion of conductive layer" should have been -portion of the 
conductive layer- to more clearly state that this conductive layer is the same as that described in 
the previous sentence, just as found in the earlier version of this paragraph as originally filed); 
(2) Applicants must show specific support in the specification as originally filed for their current 
addition of the phrase " or intact " between "remaining" and "etching stop layer" in line 4 of the 
amendment to the paragraph beginning at page 4 line 10 in the original specification (or delete 
this new phrase if it constitutes new matter); (3) on page 3 of their most recent submission, 
Applicants have apparently replaced the wrong paragraph beginning at page 5 line 5 of the 
original specification with an amended version of the previous original specification paragraph 
beginning at page 5 line 2 to correct the misspelling of "aherein" to -wherein- in line 4 (even 
though replacement of the wrong paragraph is believed to have been inadvertent, Applicants 
must still resubmit corrected versions of both the paragraph beginning at page 5 line 2 to correct 
the misspelling remaining in line 4 and the following paragraph beginning at page 5 line 5 to 
reinstate the brief description of Figures 1 A to ID); (4) in the amendment to the paragraph 
beginning at page 5 line 27 of the original specification, the previous phrase "selectively etched 
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to exposure a part" has been changed to "selectively etched to expose a part via or trench ", but 
this raises another question of possible new matter (unless Applicants can point to specific 
support for this substitution in the original specification) and even makes unclear the antecedent 
basis for the phrase "the exposed part" remaining at page 6 line 2 of the original specification; 
(5) at least the amendment to the paragraph beginning at page 6 line 32 is non-compliant because 
Applicants have failed to mark the addition of "(Fig. 3B)" by underlining after "the via hole 39" 
in line 4 as required by 37 CFR 1.121 as amended and published on 30 June 2003 in the Federal 
Register (68 Fed. Reg. 3861 1), a copy of which is attached to this Office action (in response, 
Applicants must resubmit all previous non-compliant section(s) in full compliance with this 
statute); (6) in the amendment to the paragraph beginning at page 7 line 8 in the original 
specification, "where where it can be used to form" is repetitive and should be corrected to ~ 
where it can be used to form- in line 4, and in this same amended paragraph at line 7, Applicants 
must also clarify the meaning of "nitrogen layer" (e.g., whether or not -nitride layer- was 
intended, etc.); and (7) in line 2 of the amendment to the paragraph beginning at page 9 line 6 
[rather than line 5] of the original specification, "trench 39 (see Figs. 3C-3E)" should have been 
changed to - via hole 39 (see Figs. 3B-3E)-, in order to better correlate with these drawings. 

While a more extensive list of examples has been given in this Office action than in 
previous Office actions, Applicants are again reminded that due to the large number of errors, 
those listed here are merely examples of the corrections needed and do not represent an 
exhaustive list thereof. 

Appropriate correction is again required. An amendment filed making all appropriate 
corrections must be accompanied by a statement that the amendment contains no new matter and 
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also by a brief description specifically pointing out which portion of the original specification 
provides support for each of these corrections. 

Claim Objections 

While amendments have overcome the previous specific objections to the claims, another 
such objection is set forth below. 

Claim 7 is objected to because of the following informalities: in lines 2-3 of claim 7, 
"any one selected from the group consisting of an USG layer deposited by a high density plasma, 
an oxide deposited by" should be changed to —any one selected from the group consisting of an 
USG layer deposited by a high density plasma mid an oxide deposited by either -, in order to be 
grammatically correct—. Appropriate correction is required. 

Claim Rejections - 35 USC § 112 
While current amendments to the claims have overcome the previous rejection of claims 
1-14 under the second paragraph of 35 U.S.C. 112, these amendments have also necessitated an 
new rejection under the first paragraph of 35 U.S.C. 1 12 as set forth below. 

The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claims 6-8 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with 
the written description requirement. The claim(s) contains subject matter which was not 
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described in the specification in such a way as to reasonably convey to one skilled in the relevant 
art that the inventor(s), at the time the application was filed, had possession of the claimed 
invention. In the currently amended version of claim 6, a void is now recited to be formed "in 
the fourth interlayer insulating layer", rather than the void being formed in the via hole (as was 
previously recited in claim 6). Page 7 lines 21-28 of the original specification describe formation 
of the fourth interlayer insulating layer "in order to form a void (B) is formed in the via hole 39" 
(page 7 lines 27-28). While this original disclosure supports forming a void within the via hole, 
it does not clearly specify that such a void was intended to be formed within the fourth interlayer 
insulating layer. Applicants must either show clear support in the specification as originally filed 
for this new language in claim 6 or delete this language as new matter. Claims 7-8 depend on 
claim 6. 

Nevertheless, claims 6-8, as currently amended, are still treated on the merits (for the 
reasons set forth below). 

Claim Rejections - 35 USC § 103 
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 



Application/Control Number: 10/066,849 Page 7 

Art Unit: 1756 

Claims 1-2, 4-5, and 9-14 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Lin (US Patent 6,093,632) in view of Lin, et al. (US Patent 6,042,999) and further in view of 
Yeh, et al (US Patent 6,180,514). 

Lin '632 teaches a modified dual damascene method for manufacturing multi-level 
interconnection lines in a semiconductor device. The method involves forming conductive 
(copper, Cu, instant claim 13) interconnection lines 2 in a first (1 st ) insulator (silicon oxide) 1, 
which is understood to be on a semiconductor substrate. Layers 1 and 2 are covered by a 1 st 
etching stop layer 3 (silicon nitride, instant claim 3), a second (2 nd ) insulator (silicon oxide) 4 
formed by either plasma enhanced chemical vapor deposition (PECVD) or low pressure 
chemical vapor deposition (LPCVD) to 4,000-15,000 A thick (column 4, lines 6-9, instant claims 
9-10), and a 2 nd etching stop layer 10a (silicon nitride 200-2,000 A thick by e.g., PECVD, etc., 
column 5, lines 25-27, instant claims 1 1-12), as shown in Figure 4 (column 5, lines 18-28). A 
resist pattern 1 1 is used as an etching mask to pattern narrow openings 12a for via holes in the 
2 nd etching stop layer 10a, to form a patterned etching stop layer 10b, as shown in Figure 5 
(column 5, lines 29-43). After removing the resist, the patterned etching stop layer 10b is 
covered by a third (3 rd ) insulator layer 13 (silicon oxide by e.g. PECVD, etc. to about 3,000- 
15,000 A thick), followed by forming another patterned resist mask 14, having wider openings 
15a for forming wide trenches connecting over the narrow via holes, as shown in Figure 6 
(column 5, lines 43-53, instant claim 5). The wide trenches and narrow via holes are etched 
through the resist mask 14 and etching stop pattern portions 10b through the insulators 13 and 4 
and etching stop layers 10b and 3 down to the conductive interconnection lines 2, as shown in 
Figure 7 (column 5, line 54 to column 6, line 8, instant claim 4). A conductive layer 16 is 
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formed to fill the trenches and connected underlying via holes onto the tops of conductive lines 
2, as shown in Figure 8 (column 6, lines 9-29, instant claims 1-2). While not specifying the 
thickness of the Cu conductive interconnection lines 2, the figures suggest this thickness is 
similar to those of insulator layers 3 and 13 (or about 3,000-15,000 A thick, instant claim 14). 
Lin '632 patterns the etching stop layer to leave only small area islands 10b, in order to reduce or 
limit increase in capacitance usually caused by wider area etching stop layers (column 2, lines 
15-25). Also, while the teachings of Lin '632 are described in terms of this method as a 
preferred embodiment, it is understood by those skilled in the art of dual damascene multi-level 
interconnection manufacture of semiconductor devices that various changes may be made in the 
details of this embodiment without departing from the spirit and scope of these teachings 
(column 6, lines 36-40). 

While teaching a dual damascene method for manufacturing multi-level interconnection 
lines similar to the instant invention, Lin '632 does not specify [1] forming the via holes before 
forming the patterned etching stop patterns around the via inlets and subsequent trench 
patterning of the overlying 3 rd insulator layer; nor [2] forming the conductive layer in the trench 
and via hole to at least partially cover the remaining narrow portions of the upper 2 nd etching 
stop layer. 

Lin '999 shows a robust dual damascene method of manufacturing multi-level 
interconnection lines in a semiconductor device that involves formation of a via 145, before 
forming an overlying trench 165, as shown in Figures 2b and 2f (column 5, line 20 to column 6, 
line 18, for [1] forming the via holes before forming the patterned etching stop patterns around 
the via inlets and subsequent trench patterning of the overlying 3 rd insulator layer). 
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Yeh discloses a dual damascene process for forming a conductive interconnect 218 over 
barrier layer 217 in a trench and connected underlying via hole in which the conductive metal 
layer 218 at least partially covers remaining portions of an etching stop pattern 214 of tantalum 
nitride positioned around the via hole inlet as shown in Figures 2F-2H (title, column 4 lines 6-36, 
for [2] forming the conductive layer in the trench and via hole to at least partially cover the 
remaining narrow portions of the upper 2 nd etching stop layer). Like Lin '632, Yeh also 
decreases the horizontal dimension of the etch stop pattern 214 remaining in the interconnect 
structure. The dual damascene process is improved with resulting reduced RC delay for 
achieving higher performance in integrated circuits (column 2 lines 1-3 and column 4 lines 37- 
64). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to have changed the order of steps in the embodiment described by Lin '632 so as to 
form via openings before forming the patterned etching stop layer portions 10b, then overlying 
and patterning the 3 rd insulator layer to form trenches therein. This is because Lin' 632 suggests 
changes to the details of his preferred embodiment without departing from the spirit and scope of 
those teachings relating to use of patterned reduced area islands of etching stop material to 
reduce capacitance under that which would have resulted if a wider area etching stop layer had 
been used. Also, formation of via holes followed by subsequent formation of trenches over these 
via holes (via first, rather than trench first) was already known in dual damascene semiconductor 
device manufacture at the time of the instant invention, as shown by Lin '999 [1]. It would also 
have been obvious to modify the dual damascene process taught by Lin '632 and shown by Lin 
'999 by forming the conductive layer in the trench and via hole to at least partially cover the 
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remaining narrow portions of the upper 2 nd etching stop layer as disclosed by Yeh. This is 
because Yeh, like Lin '632, also decreases the horizontal dimension of the etch stop pattern 
remaining in the interconnect structure in order to improve the dual damascene process with 
resulting reduced RC delay for achieving higher performance in integrated circuits. 

Claims 6-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over Lin '632 in 
view of Lin '999, further in view of Yeh, and further in view of Akahori, et al. (US Patent 
6,737,350). 

While teaching other aspects of the instant invention, neither Lin '632, Lin '999, nor Yeh 
specifically teach forming a void within the fourth interlayer insulating layer over the via hole. 

Akahori describes a dual damascene method for manufacturing a semiconductor device 
that seeks to reduce the dielectric constant of an interlayer dielectric film used therein in order to 
accelerate operation of the resulting overall device (column 1 lines 26-30). Various interlayer 
dielectric film materials have been considered to replace SiC>2 (having a dielectric constant of 
about 4) as having suitably lower dielectric constants (e.g., 3.5 for SiOF, even lower for CF, etc., 
column 1 lines 30-37). The method includes formation of a top dielectric film (4 or 1 1 1) 
deposited over a previously formed via hole 3 1 in a lower dielectric layer 3 (e.g., SiC>2, etc.), 
which can either be formed (1) directly on a silicon substrate in the lowest layer of a 
semiconductor device having a multilayer metallization structure or (2) even in an upper wiring 
layer thereof (column 3 line 54 to column 4 line 3). The top dielectric film (4 or 1 1 1) is 
deposited so as to project inwardly from the periphery of the via hole 3 1 , without embedding top 
dielectric film material in the via hole 31 (Figures 7 (a) and 11 (a), column 5 lines 50-55). Thus, 
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this top dielectric film (4 or 1 1 1) is considered to be analogous to the instant fourth interlay er 
insulating layer "41" shown by instant Figure 3D and has an intermediate curved profile shaped 
very much like that of area "B" in the instant fourth interlayer insulating layer "41". Akahori 
describes a simple technique for making a semiconductor device having a complicated dual 
damascene shape to improve throughput and reduce manufacturing costs (column 7 lines 1-5). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to have used a lower dielectric constant top dielectric film or fourth interlayer 
insulating layer deposited to form an intermediate shape having a void therein as described by 
Akahori in the dual damascene method taught by Lin '632, shown by Lin '999, and disclosed by 
Yeh in order to avoid embedding of top dielectric or fourth interlayer insulating layer material in 
the underlying via hole and also to reduce the overall dielectric constant of the interlayer 
dielectric film for accelerating operation of the resulting overall device. It is also noted that (1) 
all four references relate to the same art of dual damascene manufacture of multi-level 
interconnects in semiconductor devices and (2) at least Lin '632, Yeh, and Akahori further share 
a common interest in reducing the overall dielectric constant in such semiconductor devices 
(which is understood to reduce parasitic capacitance and device delay to accelerate overall 
device performance). 

Response to Arguments 
Applicant's arguments with respect to the claims filed on 17 June 2004 have been 
considered but are moot in view of the new ground(s) of objection and rejection that have been 
set forth above. 
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The previous objections to the abstract of the disclosure have been overcome by the 
currently amended abstract. 

While further amendments to the specification have again overcome the previously 
exemplified objections thereto as well as several more not previously exemplified, more 
extensive examples of those still remaining and/or introduced by current amendments to the 
specification have been set forth above. 

While amendments have overcome most of the previous objections to the claims, another 
such objection has been set forth above. 

While current amendments to the claims have overcome the previous rejection of claims 
1-14 under the second paragraph of 35 U.S.C. 1 12, another new rejection under the first 
paragraph of 35 U.S.C. 1 12 has been set forth above, as necessitated by these amendments. 

Instant claims 1-2 and 4-14, even as currently amended, have been considered to be 
obvious over the newly combined prior art for at least the reasons cited above. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to John Ruggles whose telephone number is 571-272-1390. The 
examiner can normally be reached on Monday-Thursday and alternate Fridays. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Mark Huff can be reached on 571-272-1385. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 



Application/Control Number: 10/066,849 



Page 13 



Art Unit: 1756 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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Examiner 
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